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switching as positive or negative according 10 required condition, then

change in subprogram is called VSC : |

By changing the struciure of this system one can resolve ?he conflict
between static accuracy and spee_d of response. The motion of the
representing point (RF) along a hne. (sw_:tf:hmg line), whlch IS not a
trajectory of any of these structurcs, 15 sliding mode. Xéanable structure
system operating in sliding mode has much advantages™ . The motion in
sliding mode is insensitive to variation in the plant parameters and external
disturbances. However, these invariance properties are exhibited only during
the so-called sliding mode. The control laws are so designed that the system
trajectory always reaches the sliding mode.

In the design of VSC system we assume that the control can be switched
from one value to another and will be infinitely fast. Practically it is
impossible to achieve high switching control due to presence of finite time
delays for control computations, limita
delays due to non-idealities such as |
etc. So system trajectory oscillates
frequency oscillations about the swi
the desired equilibrium point in the
termed as chattering’. In many V8
effects, such as torque pulsation, W
dynamics and acoustic noise. Such
moment of inertia system because of
and thus helps to smoothen the mo:
line. The chattering affects the eff
essential to minimize the chattering
For reducing the chattering, a chatt
single line switching technique.

Nomenclature: U : Control input,
input, X; : Angular position measu
gain, K, : Position constant, K; &
constant, 6: Angular position of out
s : Laplace variable, K, : Motor ga
. Angular velocity measured by trans
- Velocity transducer gain, w : Ang
Hitting time, C : Slope of the switi
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2, Variable Structure Control

n controlled

The block diagram of VSC in sliding mode for the positio oM
laws*™®. The

DC motor 18 shown in Fig. 1, which s based on the control
output from position tracking is fed back to reference input. The outpul of
summation is given to variable structure control. The control input U after
variable structure control 1s fed to DC motor can be written as:

(2.1) U-x,,[(r-x,)x,x,, +-‘;;(r-X,)K,K,]
(

The DC motor dynamics can be written as®
O(y) 4%

E,(5) s(1+sT,)

$"T, 0(s) +80(s) = K _E_(s)

Taking inverse Laplace
(2.2) 0T, +0 =K E,

To convert this equation into State Space, we get

& L : x . 5
o " 1- a X L e - - e e

Output of transd ._-j

(2.3)

From equation (2.

Where U (= E,)
Since X; = {
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(2 4) g +l '1].\‘, o 20 1)
!‘-I ,‘rﬂ ‘
From equations (2. 1) & (2.4) when 1~ 0, we obtain
! 1 |7 s Ko = ak K K K
l“) \ , r d L el . ’ ol i IA s
“[:;' £ J'\"[-r'r *]"':0

For the given system unde
RO are;

I« 0.04 SO0 R =10, = 23V /rad, = 0,25V - sec/ rad,
Ny * 039K = ]10,K. =01

A
By putting these values in cquation (2.5), we obtain the following

teonsideration values of various parameters and

equation-

(2.0) | +(25+ 22.425K,) X, + 2242.5K, X, =0
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3. Single Line Switching Technigue

The concept of this technique improves the response and reducing
chattering of the syste;}n by combining the features of lundcr damped and
over damped response: . The system also becomes sensitive for parameter
variation. This concept completely climinates the chalter?ng and gives a
very good response. The concept of such technique is ::xplalncd on the basis
of response charactenistics ol the system in terms of eigen values. These
values are the function of gain values, The imtial gains are decided by a
ceachability criterion and are generally taken very large to have cqmp!cx
poles that would minimize the hitting time. Soon after hitting the switching
line. the system is switched to a new structure, where one pole 1s p!accd at a
very large negative value s that its contribution |
negligible, and the othes '  the
switching line, the sy
switching around the
small, it can follow
production. Thig
solution of equation {

(3.1) x1(t)--:--' |

where — by and — bz @
— by & — by are made
switching line, the t™
above equation beco

(3.2) )(ﬁr

Here B, depends
Putting the values

Initially t, = 0, sO
(3.3)
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Theprcscnceofchaneﬁngmbcminmmmcsm '
because the RP cannot switch about the sliding line at rovey

Larger the sufnchmg line slope C, the response is faster in sixding mode B:;t
Ccannotbcmcreasedasdesiredbecauseofmwmcapdﬁim of plrysacal

system. Smaller value of C result in small hitting tme (&) and Saster

response in reaching mode but slower response in shiding mode. Thersfore,
nse time and setting time increases.

Increase in gains ()
time (1) and makes
proportionately ingi
value. For the sami
1S S0 because at o
more and control}
gain can be ct S
minimize chattens
chattering presents
in the parametes
response on the §
sensitive to the p&

poIease m htme

el =
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Fig. 3: Phase trajectory of conventional VSC at C = 10
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4.2. Single Line Sw

In the si t ]
switching technique
simulation results *" I
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Simulation Program consists of the solution of two equations. One

hefore switchang and the other after switching Vanous observations made
(rom the response charctenstios (Figs 6:9), can be summarized as

e single switching makes the system 10 be highly sensitive to
parneter variations and external disturbances. As C decreases hitting time
decrenses, settling Hime INncreases and the systen response becomen slow,

Nince K »» K i this concepl, there 18 considerable swing in
velooity, eduction in C however, helps in reducing velocity swing because
Ky = (110 < 28) 2242, S0 that at lower value of C, response 1 slow but
chattenng 18 completely eliminales a8 shawi i b& 9. Laryer l_hﬂ
value of C, response 15 Tastg & | e VEIOs
EWINY INCTCASES 0a shown i

imcrease ax desired because &

Adyantages of this .
of fast switchimg devices
very fast measunng and cof
velocity need not be mond
faster since only one swailce
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Fig. 8: Phase trajectory of single line switching at C=20
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4.3. Comparisons of Conventit

At lower value of C t
simulation of conventional ¥
respectively. As C increases th
so faster that it is not moving ¢
= |15 & C = 20 respectively. If
chattering is completely elimi
|4 respectively and response i
increases the velocity swing if
C = 20 respectively due to res

The chattering can be reg
the present paper. The co
ponses of the system by
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over damped responses. The advantages of this technigque as that small rise
time and good stability characteristics: which reduces dead time of the
svstem. In this technique the chattering is completely ehiminated. But it has
some limitations that it is applicable only in low moment of inertia system,
which has negligible mechanical time constant and smooth operation in the
entire range, the system to be highly sensitive to parameter variations and
external disturbances.
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